Introduction
Analyzing the situation at the bread market and assessing the current realities of bread product manufacture showed the increased demand of consumers and nutritionists towards the sensory properties, naturalness, and safety of products, as well as their range. Consumers prefer products without synthetic and genetically modified ingredients that are made, using easily understood technologies. Health care draws attention to the issues of preserving and enhancing valuable physiological properties of bread products, reducing possible risks of negative effects due to the use of more valuable traditional raw materials and the inclusion of innovative ingredients which are modified during technological processing. The desire to get pleasure from food increases the demands of consumers to the flavor of products, the brightness of the taste and aroma of traditional products and specific features of ethnic and improved products. The products of different peoples and tastes are gaining popularity, including ethnic, "craft", etc. [1, 2] . Affordability, long shelf life, and high resistance to microbiological damage are also important for bakery products. Mini-bakeries, producing pastries in catering establishments and supermarkets, have a more favorable position in the bread market due to the faster adaptation of product range to consumer demands, lower sale costs due to the possibility of production and trade in one place, and flexible pricing policy [3] . Customers of catering industry, on one hand, are ready to pay more but, on the other hand, are much more demanding towards the quality of products, compliance to their expectations, range variety, etc.
The quality problems of the main raw material (wheat flour), such as content reduction, excessive gluten elasticity, reduced enzyme activity, increased microbiological contamination, etc., complicate the production of quality bread products [4] . The use of new raw materials with valuable physiological properties (whole wheat flour, bran, flour of other cereals, legumes, and other crops) also causes problems in the formation of the proper quality, resistance to the microbiological damage, and digestibility of products [5] [6] [7] .
Sourdoughs are becoming increasingly wider used in order to solve the aforementioned problems. By production type and microflora origin, they can be divided into:
1) commercial, made from pure cultures, obtained, using hybridization or mutagenesis; 2) commercial, made from pure cultures, isolated from natural sources; 3) spontaneous fermentation sourdoughs; 4) industrial sourdoughs. By moisture content and, accordingly, the recommendations for storage and use, they are divided into liquid, thick, and dry sourdoughs [8, 9] .
The first group of sourdoughs, despite the higher predictability and stability in the technological process, somewhat lost its popularity due to the lack of consumer confidence in genetically modified organisms. The dough preparation with spontaneous sourdough is the oldest method, and today consumers, nutritionists, and producers of bread products are interested in its revival. This method of bread preparation is complex and long, which ensures the accumulation of precursors of taste and aroma, improving the digestibility of proteins, vitamins and minerals, lowering the glycemic index of Food Science and Technology carbohydrates, and obtaining products more resistant to staling and microbiological damage [8, 10] . The quality of sourdough and the duration of the dilution cycle depend on the chemical composition, biochemical, and microbiological characteristics of the raw materials, especially flour, but it is also to a large extent affected by additional ingredients. Thus, the type, variety, and baking properties of flour, as well as the inclusion of enrichers, determine the degree of compliance of the nutrient medium with the needs of the fermentative microflora in terms of balance and availability of nutrients and biostimulants. The flour itself is a carrier of both fermentative and extraneous microflora, which can change the course of the technological process and cause damage to finished products. The initial species composition of the microflora in the water-flour system may change with the addition of microflora carriers. The presence of compounds with selective antiseptic properties, which can be introduced with non-traditional raw materials and formed during sourdough ripening, also affects the efficiency of the dilution cycle, primarily the development and activity of yeast and lactic acid bacteria that cause the formation of high quality bread and inhibition of foreign microorganisms which can change the normal course of fermentation and reduce the quality of products [11] .
That is why significant fluctuations in the biotechnological properties of sourdough, the species composition of the microflora and, consequently, their ability to ensure the formation of bread products of proper quality, depending on the formulas, region [12], fermentation parameters, production conditions [13], etc. are established.
Therefore, it is necessary to study the quality of sourdoughs, prospective for use in Ukrainian bread-baking: hop, pea-anise, and wine yeast sourdough. The development of recommendations for monitoring the quality of sourdoughs at all stages of their preparation is also relevant.
The purpose of this study was to determine the quality of selected sourdoughs, their prospects for solving the problems of the industry, which would improve the consumer properties, nutritional value, and stability of bread products during storage.
In order to achieve this goal, the following tasks were formulated: -to develop a basic scheme of quality control for spontaneous wheat sourdough, select the most important properties, and effective methods of their determination;
-to determine the quality of hop, pea-anise, and wine yeast sourdough, as well as technological features of their preparation and use;
-to establish prospective ways of using these sourdoughs to solve the problems of bread making.
Materials and methods 1. Studied objects and materials
Two samples of TM "Bohumila" (Ukraine) wheat flour were used for sourdough and bread production: sample 1 was 1st grade flour; sample 2 was high grade flour. Flour quality characteristics correspond to those, listed in GSTU 46.004-99; they are presented in Table 1 . (DSTU 4523:2006) ; type 90 fine "UA-AROMA" aromatic grade granulated hop (DSTU 4099-02) from the scientific-industrial enterprise "WESTHOPS" (city of Brody, Ukraine); anise (GOST 18315-78).
Samples of spontaneous wheat sourdough were prepared in three variations, according to the scheme, depicted in Fig. 1: 1) pea and anise sourdough, made from pea-anise extract according to [14] ; 2) hop sourdough, the parameters of which were established in [10]; 3) sourdough, made, using dried wine yeast in the dilution cycle, as described in [15].
Fig. 1. Basic scheme of spontaneous wheat sourdough preparation
Common to them is the presence of dilution and production cycles; high grade and 1st grade wheat flour are used as the main source of nutrients, enzymes, and fermentation microflora. In the dilution cycle, the nutritional mixture was prepared and conditions for colloidal and enzymatic processes and the development of the spontaneous fermentative microflora and the accumulation of products of its metabolism were created. During the dilution phase a nutritional mixture was used for replenishment for several cycles until the required volume of sourdough was reached with the required lifting force, acidity, microflora composition, and sensory characteristics.
A special feature of hop sourdough preparation is the additional use of hop extract and sugar solution to enrich the nutritional mixture with a number of biostimulants and control the development of the sourdough microflora due to antiseptic compounds of hop.
When preparing pea-anise sourdough with additional ingredients (peas and anise), new microflora is introduced, the nutrient medium is enriched with rare components, and the latter also acts as a species composition controller for the sourdough microflora. Preparing sourdough with dried wine yeast, which is a carrier of nutrients and fermentative microflora, includes an additional stage of preparing the nutrient medium. Gelatinizing and saccharifying the water-flour mixture with white malt enzymes allows to make its composition closer to wine wort, which is turned into wine due to primarily yeast.
In the production cycle, part of ripe sourdough (50-75 %) was removed and used to prepare the dough. A nutrient mixture was added to the rest; its main ingredients were wheat flour and water, after which the mixture was left for ripening, acquiring the necessary biotechnological properties.
In order to determine the moisture content of flour and sourdoughs, a drying cabinet SESh-3M was used (Fig. 2, a) . A manual titration installation was used to study their acidity (Fig. 2, b) . The gas production ability of the flour was determined using a fermentation control device AG-1M. The activity of hydrolytic enzymes was evaluated by the falling number using the PChP-3 device (Fig. 2, c) . To create the specified temperature and humidity conditions during sourdough ripening and determine their lifting force and species composition of the microflora by its cultivation on different nutrient media, the dry-air thermostat ТС-80 was used (Fig. 2, d) .
Appearance, size, shape, content of granulose, amount of the fermentative and extraneous microflora in flour and sourdough were determined, using a biological microscope XS-5510 MICromed ( Fig. 2, e) . 
Methods of determining the sensory, physical, chemical, and biotechnological properties of raw materials and sourdoughs
The moisture content was determined by drying to a constant mass in a drying cabinet at 105 °C, the lifting force -by the rising speed of the dough ball, made from 30 % of sourdough and flour, and the total acidity -by titration of the half-finished product by 0.1 N NaOH solution [16] .
The microbiological analysis of the sourdoughs was carried out by evaluating the morphological properties of the yeast and lactic acid bacteria by microscopy of the uncolored "crushed drop" preparation and directly counting the cells of fermentative microorganisms in a Goryaev chamber (hemocytometer), using the Burgvits method. The activity of lactic acid bacteria was calculated, based on the intensity of blue color recovery of methylene blue. To detect and count the foreign microflora in flour and sourdough, the Koch method was used to seed a thick selective nutrient medium. A synthetic medium with lysine was used for wild yeast, milk agar for rotting bacteria, meat peptone agar for spore bacteria (potato and hay bacillus), agarized cabbage medium for lactic acid bacteria, and wort agar for yeast molds [17, 18].
Results
In this study, sourdough was made, using hop extract (sample 1), pea-anise extract (2), and wine yeast (3) . First grade (a) and high grade (b) wheat flour was used as a base. Their baking properties did not differ significantly ( Table 1) , but their microbiological composition was different ( Table 2) .
High grade flour met the requirements of regulatory documents, but the first grade flour had too high mold fungi content and general microbial contamination. This can negatively affect the formation of sourdough properties in the dilution cycle, their stability in the production and, consequently, the quality of products. In the dilution cycle, the moisture content of the sourdough was determined after the first mixing and each replenishment with a nutrient mixture with the moisture content of 69-72 %. It ripened at 29-32 °C, the replenishment was made every 24 hours.
In order to monitor the process of their ripening, sensory parameters were evaluated, as well as the lifting force ( Fig. 3, 4) , which shows the intensity of yeast activity, and titrated acidity, which reflects the activity of lactic acid bacteria (Fig. 5) . Signs of the sourdough readiness for dough preparation that are the end of the dilution cycle are the volume increase, typical for fermentation products flavor, increased acidity and lifting force values of 20-25 minutes. As can be seen from the graphical interpretation of the obtained data, samples of spontaneous wheat sourdough acquire the requisite fermentation capacity after a different number of replenishment cycles. The earliest to acquire the requisite activity after 24 hours, that is, one cycle, is the sourdough with wine yeast, provided that the nutrient mixture is gelatinized saccharified 1st grade flour, with high grade flour being a little slower (Fig. 4) . Sourdough with water-flour mixture requires 3-4 days (1st grade flour) to 15 days (high grade flour). Sourdough with a hop extract ( Fig. 3) and 1st grade flour requires 7-8 cycles, i. e. 7-8 days, or up to 10 days if using high grade flour. Pea-anise sourdough (Fig. 3) requires at least 15 replenishment cycles for ripening; it is also advisable to use 1st grade flour. This is due to the creation of more favorable conditions by the content of nutrients and biostimulants, as well as the spontaneous fermentation microflora.
Changes in acidity ( Fig. 5) in samples of 1st grade flour, which has the increased microbiological contamination ( Table 2) The analyzed property increases during the first 3-4 days of propagation, especially in samples with pea-anise extract and wine yeast, which could be due to their greater presence and more favorable environmental conditions. Slower acid accumulation in this period takes place in samples with hop extract and control, where the sourdough was made only from flour and water in order to determine the effect of additional ingredients on this process. But in the control sample there is the acidity growth intensification between 4th and 13th day of propagation, and at the end the acidity is 15.3°. In the studied samples, the process slows down from the 6th day and the acidity is set in the range of 9.7-10.5°.
Sourdough samples had general and specific features of sensory properties (Fig. 6) .
General signs of fermentation (volume increase and aroma of alcohol and lactic acid fermentation products) were typical for all samples. The differences consisted of hop sourdough, having a more vivid, pleasant lactic acid aroma with a slight hop tinge and a light gray color. Pea-anise sourdough had a fruitier aroma and a lighter color. Specific for sourdough with wine Food Science and Technology yeast is the predominance of aroma of alcoholic fermentation products and grapes as well as a darker color (Fig. 6) . In order to determine the stability duration of sourdough with the moisture content of 68-72 % in the production cycle, the basic technological properties (lifting force and titrated acidity) were measured for 90 days. Sourdough samples were propagated in conditions, identical to the industrial ones: temperature of 30±2 °С, removal of 25 % of ripe sourdough and its replenishment with 75 % of the nutrient mixture every 24 hours ( Table 3) . It was established, that spontaneous liquid sourdough with hop and pea-anise extracts are characterized by the relative stability of technological properties during their propagation for 90 days, which correlates with the previous results. For the sourdough with wine yeast, it is expedient to use 1st grade flour and the duration of their propagation in the production cycle should not exceed 30 days.
Conclusions
The results of the research confirm the prospects of using spontaneous wheat sourdough to manufacture bread products. The basic stages and parameters of sourdough preparation in dilution and production cycles are established. The basic scheme of the sourdough technology, noting the selected properties for the quality control (lifting force, titrated acidity, and sensory characteristics) has been developed. The recommended values and methods of their evaluation are given.
The effect of the grade and properties of flour, as well as the inclusion of the hop extract, pea-anise extract, and dried wine yeast on the quality of sourdough has been determined. The efficiency of using 1 st grade flour, despite the increased microbiological contamination, has been proven. It is shown, that wine yeast sourdough obtains the necessary properties in 24 hours, while hop sourdough requires 7-8 days and pea-anise sourdough requires up to 15 days of dilution cycle. This points out to some difficulties in introducing time-consuming technologies at the enterprises of baking and restaurant business.
It has been established, that hop and pea-anise sourdough retain the fermentation ability and required acid accumulation rate for up to 90 days, but the production cycle of wine yeast sourdough should not exceed 30 days. The relatively long stability of these sourdoughs allows us to assume the possibility of using hop and anise extracts to prolong the stability of other types of sourdough. It also allows to predict the possibility of sourdough propagation with the required fermentation, daily replenishment, and 90-day use in specialized enterprises that will sell them to bread producers.
The proposed approaches to the development and control of the wheat sourdough technology can be used to study other ethnic sourdoughs. Their implementation will allow the baking and catering business to expafnd its range and improve the product quality. But further research on the impact of different recipes and other raw materials on the technology and quality of sourdough are required. This will be the basis for formulating the requirements for the baking properties of raw materials and developing technological instructions for sourdough preparation and using them for bread product manufacture, which will allow to predict the course of the technological process and the quality of semi-finished and finished products.
